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Abstract: This paper presents a novel algorithm for underwater video compression. This algorithm mainly consists of three
components that are automatic pre-processing of underwater images, global motion estimation, and hybrid global-local
motion compensation. Automatic underwater pre-processing algorithm is employed to reduce the computation time of
underwater images. Global motion transform between neighboring frames are estimated by using a fast and robust feature-
point based algorithm. Then a hybrid global-local motion compensation scheme is proposed to reduce the temporal redundancy
of video sequences. While maintaining the acceptable perceptual quality of reconstructed images, the proposed algorithm
can provide high coding efficiency.
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1. INTRODUCTION

The greatest influence on changes in social attitudes has been
our growing ability to engage in almost instant broadcast
and person-to-person communication over ever greater
distances. Certainly, this modify has been fostered by the
widespread supplanting of analogue by digital technology
over the last few decades, for this has allowed us to do few
things much more easily than before. Carry out signal-
processing operations very rapidly; build very complex large-
scale systems; and, most significant, storage of data easily.
Where would telecommunications technology be, for
example, if it were still as difficult to store information as it
was, say, 40 – 50 years ago?

Underwater vehicles (UVs) are used to survey the ocean
floor, much often with acoustic sensors for their capability
of remote sensing. Optical sensors have been introduced into
these vehicles and the use of video is well integrated by the
underwater community for short range operations. However,
these vehicles are usually remotely operated by human
operators: the automated processing and analysis of video
data is only emerging and first suffers from a poor quality
of the images due to specific propagation properties of the
light in the water [1]-[2]. To summarize underwater images
suffer from limited range, non uniform lighting, low contrast,
diminished colors, important blur Moreover many
parameters can modify the optical properties of the water
and underwater images show large temporal and spatial
variations. So, it is necessary to pre-process those images
before using usual image processing methods.

The main obstacle for developing autonomous
underwater vehicles (AUVs) is the limitation of low
bandwidth of the underwater acoustic channel [1] – [3],
specifically the inability to transmit massive amount of real-
time video data by the underwater acoustic channel. The

critical problem in video compression is to develop an
efficient algorithm to reduce the spatial, temporal and visual
redundancies existed in underwater videos while maintaining
the picture quality and reduce the computation time. Some
research has been directed toward underwater video
compression based on wavelet transform and MPEG-4
methodology [4]-[5], but their coding efficiency is also
limited, the computation time to preprocess a color image is
also large. Video compression based on wavelet transform,
global and hybrid global-local motion compensation provide
high coding efficiency, specially suitable for sea floor video
compression and transmission at very low bit rates [6].

Keeping in mind above mentioned problem, we
suggested a novel algorithm. The suggested novel algorithm
is effective, avoiding repeated computation of GMC and
LMC. Moreover, we also propose a parameter-free algorithm
which reduces underwater perturbations and improves image
quality without prior knowledge and without any human
parameter adjustment. The paper is organized as follows. In
Section 2, an overview is discussed of the existing work on
video compression for transmission over underwater acoustic
channels [7]. Section 3 describes the complete novel
algorithm. Finally, Section 4 summarizes conclusion and
directions for future work.

2. IMAGE TRANSMISSION BASICS

2.1 Communication Channels

The transmission loss increases with both frequency and
range [8], [9]. The available bandwidth in an UWA
communication channel is limited by transmission loss. It is
therefore becomes possible to utilize the system bandwidth,
provided that efficient signaling method is used. It is based
on high-level PSK and QAM modulation methods. Phase-
coherent detection methods, based on adaptive equalization
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and synchronization techniques are necessary for these
modulation [10]. These techniques also form the basis of
the DSP implementation in the WHOI utility Acoustic
Modem, which has been successfully tested in a great number
of horizontal acoustic channels over the past several years.

2.2 Video Compression

Image must be represented with as few bits as possible to
achieve an acceptable frame rate. High compression ratio is
necessary for video transmission over underwater acoustic
channels. In most of the underwater image transmission
systems, the adopted approach is transmitting a sequence of
still images. Each image from a sequence is encoded
independently. The transform domain coding using the
discrete cosine transform (DCT) is standard method for
image coding. An alternative to transform domain coding is
subband coding. In this approach, a discrete wavelet
transform (DWT) is taken. The DCT or DWT coefficients
are the quantized. Finally the quantized levels are encoded,
using an efficient method. The resulting frame of bits is then
transmitted. Video compression is quite different from
compression, the first image of a sequence is transmitted as
usually but after that only the difference between images is
encoded and transmitted. Because there is redundancy
among adjacent images in a video, the differential
information can be transmitted at a lower rate for the same
video quality. Motion-compensated prediction is a method
frequently used for low-bit rate video coding.

The first system to demonstrate image transmission over
a vertical path was developed in Japan [11]. The JPEG
standard DCT was used to encode 256 X 256 pixel still
images with 2 bits per pixels. Transmission of about one
frame per 10 seconds was achieved using 4-PSK at 16 kbps.
Another vertical-path image transmission system based on
the JPEG standard, was developed in France, and
successfully tested in 2000 m deep water [12]. ASIMOV is
an image transmission system has been developed recently
in a Portuguese effort. The most recent experimental
underwater video transmission system developed in Japan,
employs 4 PSK, 8 PSK and 16 QAM signals in a 40 kHz
bandwidth to achieve transmission at up to 128 kbps. The
system used 100 kHz carrier frequency and was tested over
a short vertical path of 30 m. The MPEG-4 standard was
employed for video compression, and a frame rate of 10
frames/sec was supported.

2.3 Underwater Image Compression

Underwater images have low contrast so their information
is concentrated at low frequencies. Image information
therefore decomposing into low and high frequency subbands
and encoding the low bands with more precision to achieve
higher compression ratio. Thus, in place of the standard DCT,
DWT is used. The DWT is combined with entropy-
constrained vector quantization (ECVQ) and motion-

compensated prediction to achieve an average of 0.08 bits/
pixel [4]. The algorithm was applied to a sequence of
underwater images, taken at 30 frames per second, each
having 256 X 256 8-bit pixels. The achieved compression
ratio of 100 : 1 provided very good quality monochrome
video. To support such a high quality, the resulting bit rate
is of the order of 160 kbps. Wavelet based compression with
motion-compensation is another system proposed in [12].
Few system and algorithms are developed and successfully
tested, but, custom design of compression algorithms for
real-time transmission of underwater video remains an open
research area.

3. NOVEL ALGORITHM FOR UNDERWATER
VIDEO COMPRESSION

Vision based underwater robots are used for inspection of
seabed pipelines, inspection of underwater structures, survey
of deep sea minerals and biological resources, and so on.
For the application mentioned above the view of the camera
is comprised of static scene with little moving objects such
as fishes or seaweeds. The ideal coding mode for such image
sequences is global motion compensation (GMC) based
approach. But some area can not be compensated entirely
by GMC therefore the hybrid global-local motion
compensation scheme is employed [6]. The artificial lighting
affects the video and provides the low contrast characteristics
in video. Propose coding scheme for underwater video is
shown below in Fig. 1.

3.1 Automatic Pre-processing of Images

Today pre-processing methods concentrate on non uniform
lighting or color correction. The algorithm [13] used here is
a parameter-free algorithm which reduces underwater
perturbations, and improves image quality without using any
knowledge and without any human parameter adjustment.
It is composed of several successive independent processing
steps which respectively correct non uniform illumination,
suppress noise, enhance contrast and adjust colors. This
algorithm corrects each underwater perturbation sequentially.

1. Removing potential moiré effect.

2. Resizing and extending symmetrically the image to get
a squared image whose size is a power of two.

3. Converting color space from RGB to YCbCr.

4. Homomorphic filtering: Homomorphic filtering is
used to correct non uniform illumination and to
enhance contrast in the image. In this filtering, assume
that image is a function of product of the illumination
and the reflectance described by the following
equation.

f (x, y) = i (x, y) ⋅ r (x, y) ... (1)

f (x, y) is image sensed by the camera, i (x, y) the
illumination multiplicative factor and r (x, y) is the
reflectance function. Illumination factor changes
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slowly through the view field therefore it represents
the low frequency and reflectance is associated with
high frequency components. By multiplying
illumination and reflectance component by high-pass
filter, this suppresses the low frequency. Here low
frequency means non-uniform illumination in the
image. This is decomposing as follows:

• The logarithm of the image converts the
multiplicative effects into an additive one.

g (x, y) = ln (f (x, y)) = ln (i (x, y) ⋅ r (x, y))
= ln (i (x, y)) + ln (r (x, y)) ... (2)

• Fourier transform of log image is obtained by

G (wx, wy) = I (wx, wy) + R (wx, wy) ... (3)

• High pass filtering is applied to above equation

S (wx, wy) = H (wx, wy) ⋅ I (wx, wy) +
H (wx, wy) ⋅R (wx, wy) ... (4)

Where

H (wx, wy) = (rH – rL)
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where rH = 2.5 and rL = 0.5. These parameters are
selected empirically.

• Take inverse Fourier transform and then taking the
exponent to obtain filtered image.

5. Wavelet denoising: This wavelet denoising gives very
good results compared to other denoising methods.
This is decomposed as follows:

The function (g)+ is defined as
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• Estimation of noise variance σn
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Where yi is the child and yi + 1 is its parent.

• Inverse of the multiscale decomposition to
reconstruct the filtered image.

6. Anisotropic filtering: Anisotropic filtering allows
simplifying image feature to improve image
segmentation. This filter removes unwanted artifact
and remaining noise. This algorithm is automatic
because it uses constant parameters selected manually.

7. Adjusting image intensity.

8. Converting from YCbCr to RGB and reverse
symmetric extension.

9. Equalizing color mean.

3.2 Global Motion Estimation and Hybrid Motion
Compensation

The following steps are performed to estimate the global
motion parameters.

1. Feature points estimation: Feature point image is first
segmented into non-overlapping 8 × 8 blocks and then
only the point with maximal evaluating function values
within a block is chosen as the final candidate feature
points.

Fig. 1: Flow Chart of Algorithm
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2. Feature point matching: It takes the list of feature
points selected from first image F1 and tries to find
the best match for each point, over a second image F2.
After extraction of the feature points judge whether
the global motion compensation is appropriate. If the
number of feature points is less then a prescribed
threshold and the feature points distribute compactly.
This means that image provide little texture detailed
and GMC is not appropriate. Therefore we can directly
employ LMC, otherwise carryout the GMC/GME.

3. Estimation of the rigid global motion model: Applied
a two stage estimation of the global motion. First the
rigid motion model as shown in the following equation.
This equation is used to estimate initial global motion
parameters to speed up the motion estimation
procedure.
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where (x’, y’) denotes coordinate of current image and
(x, y) coordinate of reference image, S is the scaling
factor, θ is the angle of rotation and (tx, ty) the
translation vector.

4. Elimination of incorrect correspondences: Eliminate
the incorrect correspondences by using rigid global
motion model. Repeat Step 3 for remaining set of
correspondences to re-compute the accurate
parameters.

5. Refining estimation of the eight projective global
motion parameters: Refining estimation of the eight
projective global motion parameters which is
expressed by
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6. GMC for the main area of the frame: Projective global
motion parameters of the current frame with respect
to reference frame at the second stage. Then
compensation image of the current frame can be
obtained by warping the reference frame by Wiener
interpolation filter based algorithm. If there exist large
residuals area use GMC mode and employ directly
LMC mode otherwise Step 7 is performed.

7. LMC for partial area of a frame: The marginal area
without entirely predicted by GMC can be easily
determine by the global motion parameters. Then these
marginal regions can be predicted with block wise
LMC mode.

8. Repeat Steps 1 to 7 until the encoding process of a
video sequence is finished.

4. RESULTS, CONCLUSION AND SCOPE FOR
FUTURE WORK

The result of experiment of the algorithm on one of such
video taken from [14] is discussed and shown below. The
input underwater video is a scene of a swimming girl. This
video has a dimension of 720 × 576 of size 2.14 MB of
2 second duration. The novel algorithm converts this input
video into 51 frames. It gives the output with 24 frames of
duration 1 second with dimension of 468 × 378 with
compressed size of 754 KB. The mean noise ratio was
employed to evaluate the quality of reconstructed images
objectively, although it is not always reliable as a gauge of
subjective visual quality.

Fig. 2: Input Video and Compressed Output Video

In the light of the results from the experiments, some
conclusions may be given about the success of the current
research, according to the goals that were established for
the project. These objectives were the compression of
underwater video with improve quality, is satisfactory
achieved with good compression ratio. The novel video
compression algorithm is fast and effective, avoiding the
repeated computation of GMC and LMC. Moreover, we also
used an effective preprocessing measure to reduce the visual
redundancy of underwater video according to the
characteristics of underwater video. This algorithm is
automatic and requires no parameter adjustment and no a
priori knowledge of the acquisition conditions. This is
because functions evaluate their parameters or use pre-
adjusted defaults values. This algorithm is fast. Inverse
filtering gives good results but generally requires a priori
knowledge on the environment. But in our preprocessing,
filtering needs no parameters adjustment so it can be used
systematically on underwater images.

After these few conclusions about the work an issue is
to be treated in the future is explained as under:

4.1 Real-time Underwater Video Compression System

The algorithm developed can be implemented on DSP. The
camera with such facility can be mounted on autonomous
underwater vehicles (AUVs) for underwater survey
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applications. This will act as a real time underwater video
compression system and there is no need for recording wave
files and processing them offline on the dock or in the
laboratory.
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